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Why the need for Multivariate Modelling in early phase projects 
The need for estimating the cost of non-Off-The-Shelf (OTS) items
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Multivariate parametric cost modelling

In early project phases, cost estimates are needed before the hardware design exists. Multivariate modelling bridges that gap.

Early phase estimates
Limited information, decisions needed

Portfolio-based Hardware

X

X

X

X

Existing portfolio

Heritage pricing

Analogy estimates

Tailoring-based Hardware

X

X

X

X

No catalogue items

Mission-specific design

Limited cost visibility
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Tool purpose and applicability
Providing what if scenarios & supporting trade-offs
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Purpose: Support early-phase decision making

▪ Generate rapid hardware cost estimates

▪ Quantify cost sensitivity to key design parameters

▪ Compare alternative design concepts

▪ Provide consistent and repeatable estimates

Applicability: Ideal for Phase 0/A studies

▪ Limited technical definition

▪ Frequent requirement changes

▪ Multiple architecture candidates

▪ Need for rapid cost feedback

Multivariate parametric cost modelling

Explore design alternatives and understand their cost impact before detailed design is available.

Larger Solar Array

Heavier StructureWhat if?

High Power = Baseline + xxx k€

Baseline

Robust Structure = Baseline + xxx k€
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Tool purpose and applicability
Early phase projects: rapid estimates from top-level inputs
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Technical 
inputs

• Mass [kg]

• Area [m2]

• TRL

Parametric 
Formulas

• y = a + bMass

• y = c∙Aread

Rapid cost 
estimate

• xxx k€

• Cost drivers

• Trade-offs

Multivariate parametric cost modelling

The model supports the estimator; it does not replace the estimator.
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How are CERs derived
Building the formula
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▪ CERs | Cost Estimating Relationships 

− a mathematical formula where a dependent variable (cost) is 
expressed as a function of one (single-variate) or more (multi-variate) 
independent cost-driving parameters (e.g. mass, power)

▪ How are CERs derived? 

1. Make a hypothesis on the main Cost Driver (based on what makes 
physically sense, what is driving the performance): e.g. Mass

2. Observe if there is a correlation between the two (positive correlation in 
example shown)

3. Decide which functional form to use (e.g. linear y = a = b ∙ x, or other): in 
the example here, we choose:

• y = a + b ∙ xc →    Estimated Cost = a + b ∙ Massc

4. Gather Cost and Mass from same family products – historical database

5. Using x, y (Mass, Real Cost) as inputs, calculate for which parameters a, 
b, c the curve is better fitting the points in the scatter chart

• Mass, Real Cost    →   ZMPE method    →   CER parameter a, b, c

• The ZMPE method* minimizes the error between the Real Cost 
and the Estimated Cost (the distance between all the dots in the 
scatter chart and the curve   )

• Estimated Cost = a + b ∙ Massc

a = intercept, b = characteristic of the product, c = lower k€/kg as Mass increases
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Example

*see next slide
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How are CERs derived
ZMPE Method
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▪ 𝑪𝒐𝒔𝒕 = 𝒂 + 𝒃 ∙ 𝑿𝟏
𝒄𝟏 ∙ 𝑿𝟐

𝒄𝟐 ∙. . .∙ 𝑿𝒎
𝒄𝒎 ∙ 𝒅𝟏

𝒙𝒎+𝟏 ∙ 𝒅𝟐
𝒙𝒎+𝟐 ∙. . .∙ 𝒅𝒏

𝒙𝒏 CER formula

− Xi Quantitative Variables , xj Categorical Variables                                 Selected by the CER creator, based on: logic, physics, availability

− a, b, ck, dz CER parameters                                                                          ZMPE Method

▪ Calculation of CER parameters by a constrained minimization process - Zero Percentage Bias Minimum Percentage Error (ZMPE):

− Minimize the deviation of the estimated values from the actual values (the average error in the prediction)

− While subject to the constraint of not consistently over/underestimating the actual values (residuals normally distributed)

1. Minimum Percentage Error

Minimize    SSE (Sum of Squared Errors)      σ𝑖
𝑦𝑖 − ො𝑦

ො𝑦

2

2. Minimum Percentage Bias

Subject to constraint    BIAS = σ𝑖
𝑦𝑖 − ො𝑦

ො𝑦
= 0 𝑦𝑖 = 𝑎𝑐𝑡𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒𝑠

ො𝑦 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒𝑠 = 𝑎 + 𝑏 ∙ 𝑋1
𝑐1 ∙ 𝑋2

𝑐2 ∙…
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We are not looking for correlations. We are looking for meaningful correlations.

Assessing CER Quality
Statistical metrics
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SSE = Prediction error

• Measures how much of the estimate values deviate from actual values ⟶ Lower is better

• Objective: Min   σ𝑖
𝑦𝑖 − ො𝑦

ො𝑦

2

BIAS = Systematic over / under estimation

• Measures whether the CER consistently overestimates or underestimates costs ⟶ Close to zero is better

• Objective: BIAS   =  σ𝑖
𝑦𝑖 − ො𝑦

ො𝑦
= 0

R2 = Goodness of fit

• Measures how much of the observed cost variability is explained by the CER ⟶ Close to one is better

• Objective: 𝑅2 = 1 −
𝑦𝑖 − ො𝑦 2

𝑦𝑖 − 𝑦 2 ~   1

𝑦𝑖 = 𝑎𝑐𝑡𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒𝑠
ො𝑦 = 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒𝑠 = 𝑎 + 𝑏 ∙ 𝑋1

𝑐1 ∙ 𝑋2
𝑐2 ∙…
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CER - Structural Panels 
Scope of the dataset
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CH = Switzerland
28%

DE = Germany
23%

ES = Spain
18%

CZ = Czech Republic
11%

LU = Luxembourg
8%

FR = France
7%

AT = Austria
3%

GR = Greece
2%

Proposals from each Country62

Supplier Proposals

22

Suppliers

15

ESA Projects

8

Countries

3

ESA Directorates

2014 - 2025

Data range

✓ Costs normalized to same Economic Conditions (EC)

✓ RFIs (non-binding) and RFP (binding) responses included

✓ Earth Observation, Science and Connectivity programmes

✓ Common ESA procurement framework

✓ Subset of homogeneous proposals within OHB available data

A diverse dataset, but a consistent procurement context
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CER - Structural Panels 
Cost drivers’ selection rationale & Formula
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𝑺𝒕𝒓𝒖𝒄𝒕𝒖𝒓𝒂𝒍 𝑷𝒂𝒏𝒆𝒍 𝒌€ = 𝒂 + 𝒃 ∙ 𝑽𝒐𝒍𝒖𝒎𝒆 𝒎𝟑 𝒄
∙ 𝒅𝒊= 𝟏,𝟐,𝟑 ∙ 𝒆𝒋= 𝟏,𝟐,𝟑 ∙ 𝒌

Volume

Hardware size

Technology Readiness

Development effort

Material

Manufacturing complexity

k - factor

Contractual scope

▪ a, b, c = CER parameters

▪ Volume [m3 ] = main Quantitative variable

▪ d = Technology Readiness, e = Material

− d1 = Recurrent Design, d2 = Modified Design, d3 = New Design 

− e1 = Aluminium, e2 = Aluminium + CFRP, e3 = Exotic (e.g. Ti, SiC)

− k = Built to print effort / Built to spec effort = Production / (Design + Production)

✓ Engineering Rationale

✓ Historical Dataset

✓ Statistical Validation

Structural panel cost is driven by four key factors: how much, how mature, how complex and how much responsibility.
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CER - Structural Panels 
Results: Charts & CER quality metrics
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SSE ∙ W   =   0.40

Weighted Prediction error

BIAS   =   0.00

Systematic over / under 
estimation

R2 =   0.94

Goodness of fit

W = Information Reliability

WRFP > WRFI
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CER – Solar Arrays
Scope of the dataset
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CH = Switzerland
12%

DE = Germany
35%

ES = Spain
20%

NL = Netherlands
15%

JP = Japan
6%

FR = France
5%

US = United States
3%

BE = Belgium
2%

GB = United Kingdom
2%

Proposals from each Country60/28

Supplier Proposals

10

Suppliers

13

ESA Projects

9

Countries

5

ESA Directorates

2015 - 2025

Data range

✓ Costs normalized to same Economic Conditions (EC)

✓ RFIs (non-binding) and RFP (binding) responses included

✓ Earth Observation, Science, Connectivity, Situational 
Awareness, Exploration programmes

✓ Common ESA procurement framework

✓ Subset of homogeneous proposals within OHB available data

A diverse dataset, but a consistent procurement context



Note on quick 

formatting of texts:

Use paragraph icons to 

switch between pre-

programmed text levels: 

▪ First level

− Second level

− Third level

1. Fourth level

a. Fifth level

Sixth level

Seventh level

Eighth level

CER – Solar Arrays
Cost drivers’ selection rationale & Formula
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𝑺𝒐𝒍𝒂𝒓 𝑨𝒓𝒓𝒂𝒚 𝒌€ = 𝒂 + 𝒃 ∙ 𝑨𝒓𝒆𝒂 𝒎𝟐 𝒄
∙ 𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄 𝑬𝑶𝑳 𝑷𝒐𝒘𝒆𝒓 [ Τ𝑾 𝒎𝟐]

Area

Hardware size

Specific EOL Power

Performance

✓ Engineering Rationale

✓ Historical Dataset

✓ Statistical Validation

Solar-array cost depends not only on size, but also on how efficiently that area generates power.

Specific EOL Power

DegradationDegradation

3G vs 4G3G vs 4G

Cell sizeCell size

Candidate performance descriptors
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CER – Solar Arrays
Results: Charts & CER quality metrics
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SSE ∙ W   =   0.70

Weighted Prediction error

BIAS   =   0.00

Systematic over / under 
estimation

R2 =   0.93

Goodness of fit

W = Information Reliability

WRFP > WRFI
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Lessons learned & Future work
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A CER without updates is just an old opinion with a formula attached.

Lessons Learned

Engineering judgement remains essential

Statistical significance ≠ engineering significance

A CER is only as good as its dataset

Data quality drives model quality

Simplicity often wins

Meaningful drivers outperform numerous drivers

Building a CER takes time

But reveals insights hidden in historical data

Future Work

Expand the toolset

Harness CER currently under development

Additional hardware categories to follow

Continuous model refinement

Incorporate new validation datapoints

Periodically re-calibrate CER parameters

Dataset pruning

Progressively replace older / low-maturity data
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Fax: +49 421 2020 700
Email: info@ohb.de
Web: www.ohb.de
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